Purpose Patients with cancer of the lower and middle rectum who are candidates for curative surgery often have negative opinions on definitive colostomy. The purpose of this study is to compare the quality of life (QoL) of patients who undergo standard treatment for rectal cancer with sphincter preservation or definitive colostomy. Methods A total of 125 patients with adenocarcinoma of the lower or middle rectum who underwent radical surgery with curative intent with a follow-up ≥ 1 year were recruited: 83 patients (group 1) were subjected to low anterior resection and low colorectal or coloanal anastomosis-thus preserving their sphincter-and 42 (group 2) were treated with abdominoperineal resection, followed by terminal definitive colostomy. QoL was assessed with the EORTC QLQ-C30 and QLQ-CR29 questionnaires. Results Health and global quality of life were similar between groups; however, patients who underwent definitive colostomy had higher scores on the emotional (p value = 0.016) and cognitive function scales (p value = 0.017). Patients with sphincter preservation presented with more symptoms that were related to stool frequency (p value < 0.001), intestinal constipation (p value = 0.005), fecal incontinence (p value = 0.001), buttock pain (p value = 0.023), and nausea and vomiting (p value = 0.036), whereas patients with permanent colostomy had higher scores for dysuria (p value = 0.033). Conclusion Although global QoL scores did not differ between groups, patients who underwent definitive colostomy had significantly better functional and symptom scale scores, reflecting greater function with fewer symptoms.
Introduction
The incidence of colorectal cancer (CRC) has risen gradually in the past several decades. CRC ranks third highest in incidence among noncommunicable diseases and is the fourth leading cause of mortality worldwide [1, 2] . The number of living people diagnosed with cancer, including the cancer survivors, also increased, which reflects an increased number of people who were cured or who live longer with the disease [3] , necessitating studies that analyze issues that are related to the quality of life (QoL) of survivors.
Neoadjuvant chemoradiation of patients with locally advanced lower and middle rectal tumors (cT3/T4 or N+) reduce local recurrence rates and contribute to sphincter preservation (SP) [4] . Nevertheless, there is interest in developing more conservative therapies that focus on selecting patients for treatments that are based exclusively on chemoradiation [5, 6] . Despite our knowledge of the outcomes of conservative treatment protocols, surgery with total mesorectal excision (TME) and adequate margins continues to be the most important component of a curative treatment strategy.
Thus, significant technical effort has been dedicated toward sphincter preservation, as evidenced by advances in laparoscopic colorectal surgery and robotics [7] . Consequently, low anterior resection of the rectum (LAR) with coloanal anastomosis and anatomical sphincter preservation has become a common practice to avoid abdominoperineal resection (APR) and definitive colostomy (DC). Although the sphincter is preserved anatomically, its functional preservation has been insufficiently assessed. Despite the technological evolution, APR that is followed by definitive colostomy continues to be the preferred alternative for patients with distal rectal lesions with anal sphincter invasion or expectancy of severe sphincter malfunction after LAR and coloanal anastomosis [8] . In this regard, many studies have suggested that patients with a stoma and those with anatomical sphincter preservation experience significant changes in the physical, social, and physiological aspects of their QoL [9] [10] [11] [12] .
This report is the first study in Latin America at a large cancer center with a representative patient sample to examine QoL in patients with a definitive stoma compared with patients with distal anastomosis after LAR. Our main goal was to compare the QoL between rectal adenocarcinoma patients who are treated with low anterior resection with sphincter preservation and those who undergo abdominoperineal resection with definitive colostomy using statistical methods.
Methods
This observational, cross-sectional, and comparative quantitative study was conducted from April 2012 to June 2013. Patients who were regularly scheduled for follow-up during this period were invited to participate. The inclusion criteria were the following: patients aged over 18 years, follow-up after previous treatment for rectal carcinoma, subjected to radical surgery with TME by the Colorectal Cancer Service of AC Camargo Cancer Center with or without sphincter preservation, and at least 12 months after APR or after closure of a diverting stoma. The exclusion criteria were the following: patients with distinctive stomas from definitive terminal colostomy and histology that differed from adenocarcinoma and intraperitoneal rectal tumors.
During the study period, 137 patients were identified, and after being pared due to exclusion criteria (n = 4), refusal to participate (n = 1), and loss to follow-up (n = 7), the study population ultimately comprised 125 patients. The median follow-up was 3.84 years. The patients were divided into two groups: (1) the sphincter preservation group (SPG) contained 83 patients (66%) who were subjected to LAR and low colorectal or coloanal anastomosis and anatomic sphincter preservation; and (2) the definitive colostomy group (DCG) was composed of 42 patients (34%) who underwent APR and terminal definitive colostomy.
QoL assessments were performed on completion of the validated European Organization for Research and Treatment of Cancer (EORTC) questionnaires: QLQ-C 3 0 a n d Q L Q -C R 2 9 . T h e Q u a l i t y o f l i f e Questionnaire-Core Questionnaire (C30) is a generic instrument and consists of 30 questions on physical, life role, cognitive, emotional, and social functioning; it also includes three symptom scales (fatigue, nausea and vomiting, pain); six individual questions on dyspnea, loss of appetite, insomnia, constipation, diarrhea, and financial difficulties; and two questions on general QoL and health. QLQ-CR29 is a module that specifically evaluates patients with colorectal cancer comprises 29 questions on colorectal disease-specific symptoms and function. The scores range from 0 to 100, wherein higher scores on the functional scale reflect better health or QoL; high scores on the symptom scale indicate a significant level of problems [13] [14] [15] . A social, demographic, and clinical form was also administered.
Initially, the clinical and demographic variables and quality of life were analyzed using descriptive statistics. To determine whether there was a relationship between two categories, chisquare test for independence was applied. To compare continuous variables in relation to the two groups (DC and SP), we used t test or Mann-Whitney U test, where applicable. To identify risk factors that were associated with QoL, we fitted generalized linear regression models with gamma and inverse Gaussian-distributed-dependent variables. The significance level was 5%. All statistical analyses were performed in R, version 3.2.
The study was approved by the institutional ethics committee (IRB) by the ID 01610/11. The study is also registered at the governmental Brazilian registry of scientific projects (Plataforma Brasil) by the ID 0089.0.022.000-11.
Results
The social, demographic, and clinical characteristics of the SPG and DCG are compared in Table 1 . The DCG had a higher proportion of lower rectal tumors (78.6 vs. 41.0%; p value < 0.001) and received pelvic radiotherapy more frequently (92.7 vs. 75.3%; p value = 0.015) than SPG patients. There was no significant difference between groups with regard to age, gender, race, education, participation in religious groups, active employment, marital status, or social status.
Assessment of quality of life
Our analysis of the EORTC QLQ-C30 questionnaires showed no differences between groups in global QoL (p-value = 0.678). There were significant differences in functional scale scores, with higher values observed for patients with definitive colostomy in the emotional (p value = 0.016) and cognitive domains (p value = 0.017). No significant differences were seen in the physical, functional role, and social scales. On the symptom scales, significant differences were noted between groups (SP, CD) for nausea and vomiting (p value = 0.036) and constipation (p value = 0.005), whereas fatigue, pain, dyspnea, insomnia, loss of appetite, diarrhea, and financial difficulty scores were similar (Table 2) .
Based on QLQ-CR29 scores, there were no significant differences between groups on the functional scales-body image, anxiety, weight dissatisfaction, and sexual interest. However, patients with sphincter preservation had higher scores-i.e., experiencing worse symptoms for buttock pain (p value = 0.023), fecal incontinence (p value = 0.001), and bowel movement frequency (p value = 0.001) than DCG subjects, who in turn had higher scores for dysuria (p value = 0.033) ( Table 3) .
Independent variables-age, gender, social status, education level, active employment, pelvic radiotherapy, colostomy, and sphincter preservation-were fitted to generalize linear models of the data in relation to quality of life. However, no independent variable was sufficiently significant to explain QoL scores.
Discussion
The main findings of this study were the similar global QoL scores between groups (CD, SP) for the QLQ-C30 questionnaire and the greater frequency of anorectal problems that were reported by patients with sphincter preservation on the QLQ-CR29 instrument. Other studies have corroborated this equivalence in global health status after late surgical follow-up [16] [17] [18] [19] .
VARPE et al. [20] compared the QoL of patients who underwent APR, LAR, and intersphincter resection and also failed to note any significant differences in global QoL scores between groups. In a meta-analysis of 11 studies on QoL in 1433 patients-33% with DC and 67% with SP-with an average follow-up of 15 months after surgery, CORNISH et al. [21] did not observe any significant differences in global QoL scores between groups. Thus, FUCINI et al. [22] reported distinct results using the EORTC QLQ-C30 and QLQ-CR38 instruments in 30 patients with DC and 32 subjects with SP, the latter of whom had better global QoL scores, nevertheless recurrent, postsurgery, and comorbid cases were excluded, and only patients were assessed after 5 years of follow-up; however, patients who survived for less than 5 years were excluded.
Notably, in our study, patients with definitive colostomy had better results with regard to emotional and cognitive functions and fewer symptoms for nausea and vomiting, constipation, fecal incontinence, bowel movement frequency, and buttock pain. These results are consistent with other studies that reported higher scores for emotional and cognitive functions in DC patients and more gastrointestinal problems after LAR [10, 12, 21] . In contrast, Monastyrska et al. [23] recorded better emotional and cognitive functional scale scores for SP subjects in a recent series with a follow-up of 6 months after surgery.
Emotional function is related to feelings, such as nervousness, concerns, irritability, and depression. The Scores range from 0 to 100. On the functional scales, higher scores indicate a better QoL; on the symptom scales, lower scores reflect a better QoL alterations in their gastrointestinal systems significantly impacted their emotional health [10, 12, 24] . In Latin America, most studies on the influence of definitive colostomy have been qualitative, with small numbers of patients. The inclusion criteria of these studies included newly operated patients who were in the stages of adapting to the stoma and thus had such symptoms as peristomal dermatitis and psychological problems over accepting the use of a colostomy bag. Support by the family and health team is essential for the self-care and independence of these patients and their improvements in self-esteem [25] [26] [27] [28] . In our study, patients had adapted to definitive colostomy, because they had 1 year or more to prepare for the stoma; thus, problems with stoma care, altered body image, and skin issues were less extensive.
Scores for nausea and vomiting were higher for patients with SP compared with DC subjects. Notably, 10 patients were being treated with chemotherapy during the study, 4 of whom reported experiencing nausea and vomiting symptoms in the SPG. However, other unknown causes could have interfered with these changes.
On the QLQ-CR29 instrument, patients with sphincter preservation had higher scores for symptoms of fecal incontinence, bowel movement frequency, and buttock pain and constipation, as reported by other groups [16, 17, 20, 29] .
Fecal incontinence can be explained in part by the denervation that is caused by surgical intervention, particularly in the treatment of lower lesions, with damage to anal rectal function-some of it due radiotherapy whenever it is performed [30, 31] . According to Mulsow et al. [19] , intersphincter resection yields the worst functional results, wherein the internal sphincter is cut. In a systematic review of 14 studies on intersphincter resection, Akagi et al. [8] found high rates of symptoms, such as bowel movement urgency, stool fragmentation, and fecal incontinence. Thus, patients with intersphincteric LAR are especially susceptible to developing Blow anterior resection syndrome,^which incorporates unpleasant symptoms, such as frequent bowel movement, urgency, incontinence, constipation, and feelings of incomplete emptying [20, 30, [32] [33] [34] [35] .
Although patients with DC fail to control their bowel movement, it remains in the collection pouch when they become well adapted. In contrast, patients with LAR can develop bowel incontinence, causing leakages that can soil clothing and create unpleasant odors, causing embarrassment and discomfort and thus worsening emotional function.
Another factor that can interfere with gastrointestinal function is neoadjuvant treatment and adjuvant treatment with radiotherapy and chemotherapy, the use of which is associated with an increase in bowel movement frequency, higher rates of diarrhea , urges and fecal incontinence, and reductions in quality of life and social functioning [32, [36] [37] [38] . In our study, 85.6% of patients received radiotherapy, of whom 45.8% reported fecal incontinence, 54.2% noted increased bowel movement frequency, 40.1% reported constipation, and 15% claimed to have dysuria.
In our series, the DCG had higher scores for dysuria. Notably, all patients who had dysuria received radiotherapy during the treatment, and the number of patients who were administered pelvic radiotherapy was significantly higher in the DCG. Other studies have also shown that patients who undergo neoadjuvant radiotherapy have higher scores on urinary problems versus those who do not and those who receive adjuvant radiotherapy [30, 31, 36, 37] .
With regard to the items that are related to scales of sexual function, the low rate of responses, especially among women, did not allow us to make an adequate comparison between groups. Although the mean age of the women in this study was 56.46 years old, 1/3 of them were 60 years or older, so the low response rate can be explained due to an absence or decrease in the sexual life of the women with more advanced ages. Another factor that may have interfered with this lack of answers would be shame, since Brazil is a developing country, with typical cultural and religious influences, and the population is still uncomfortable to speak or expose itself with regard to sexuality issues. Other studies have also reported the absence of responses for questions that are related to sexuality [17, 20, 24, 31, 33, 36] .
In conclusion, we did not observe any significant difference in global QoL scores between patients with lower and middle rectal adenocarcinoma who underwent surgical treatment with sphincter preservation or definitive colostomy. The DCG scored significantly better on several aspects, including the functional scales and certain items on the symptom scales, most frequently reporting fewer complaints that were related to fecal incontinence, frequency of bowel movement, intestinal constipation, and pain in the buttock area.
The main limitation of our study is the retrospective nature of the cohort. We have collected QOL data prospectively, but during a late post-treatment moment. We do not have QOL data before treatment, and all treatment-related data (chemoradiation toxicity, post-operative complications) are retrospective, although well collected and easily available in our institutional databank. Ideally, we should had done a prospective cohort study, but this would require a longer time to perform the research. A cross-sectional design as we have performed allowed us to achieve significant results quickly, from a preexisting cohort. Our current results, although these limitations, encourage us strongly to design a prospective and more robust study. Other limitation is the relatively small sample size. In a prospective design, we certainly should consider a multiinstitution study, for recruiting a larger number of patients.
Our results contribute to a better counseling of patients with low and middle rectal cancer who are candidates for curative surgical treatment with regard to the late postsurgical outcomes and QoL, dispelling negative ideas about definitive colostomy and demonstrating that DC is not so bad as seen.
More studies should be performed to develop better treatment techniques for patients with low anterior resection syndrome and improved counseling and treatment protocols, to enhance their QoL.
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